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foreshore　gradient．
　　　　The　errors　involved　in　this　analysis　are　theoretically　considered　as
above．　The　results　of　this　analysis　of　errors　in　shorel　ine　position　were
compared　with　the　results　of　surveys　of　the　actual　shore，　and　it　became
clear　that　the　maximum　value　of　the　errors　is　at　most　20～30　m．
2－3　　Some　examples　of　shoreline　changes
　　　　Typical　examples　of　shorel　ine　changes　determined　by　this　method　are
presented　in　this　section．　　The　location　of　the　areas，　shoreline　changes　of
which　are　shown　in　Figs．1－2－3～1－2－9，　is　indicated　in　Fig．1－2－1．
　　　　Shorel　ine　changes　on　the　sandy　coast　south　of　Hitachi　Port　are　shown
in　Fig．　1－2－3．　　The　positions　of　the　shorel　ine　investigated　by　using　the
aerial　photographs　of　the　U．　S．　Air　Force　are　indicated　by　thick　solid　lines
（standard　l　ines）．　　The　other　l　ines　indicate　the　positions　of　the　shorel　ines
apPearing　on　aerial　photographs　of　the　Geographical　Survey　Institute・
（Figs．　1－2－4～1－2－9　use　the　same　conventions・）　　Shorelines　in　the　area
shel　tered　by　the　Hitachi　Port　breakwater　have　advanced　offshore　by　about
100mduring　22　years．　However，　the　shorelines　extending　over　2・8　km　south
of　the　area　of　accretion　have　retreated　landwards．　The　maximum　erosion　is
apProximately　75　m　during　l7　years・　It　is　considered　that　most　sand　from
the　erosion　area　has　moved　to　the　accretion　area　in　the　shelter　of　the
breakwater．
　　　　　Shoreline　changes　on　the　sandy　coast　around　the　mouth　of　the　Hamana
Lake　are　shown　in　Fig．　1－2－4．　After　the　construction　of　jetties　at　the
mouth　of　the　lake，　the　beaches　around　the　jetties　have　advanced　considerably・
The　maximum　value　of　this　advance　i　s　apProximately　150　m　during　24　years・
　　　　　Shoreline　changes　on　the　Tokushima　Coast　are　shown　in　Fig・　1－2－5・
Typhoon－generated　waves　and　swel　l　attack　this　coast　from　the　south　east・
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Therefore，　the　predominant　l　ittoral　drift　is　from　south　to　north・　　After
construction　of　Awazu　and　Imagiri　Ports，　the　beaches　to　the　south　of　both
ports　advanced，　whilst　to　the　north　the　beaches　retreated・　The　shoreline
north　of　Awazu　Port　retreated　very　rapidly　and　the　maximum　value　of　the
retreat　was　apProximately　130　m　during　17　years・
　　　　　The　Yoshino　River　is　one　of　the　largest　rivers　in　Japan　and　the　shore『l　ine
at　the　mouth　of　the　river　has　retreated．　Wadajima，　10cated　at　the　southern
end　of　this　coast，　is　a　sand　spit．　It　is　thought　to　be　formed　by　l　ittoral
drift　from　south　to　north．　The　tip　of　the　sand　spit　has　advanced　by
approximdtely　30　m　during　20　years．　　Beaches　at　other　parts　of　the　sand
spit　have　retreated　by　apProximately　20　m　and　many　groynes　have　been
constructed　there．
　　　　　Shoreline　changes　at　the　coast　around　the　mouth　of　the　Fuji　River　are
shown　in　Fig．　1－2－6．　The　maximum　value　of　shoreline　retreat　is　apProximately
250　m　during　24　years．　Offshore　breakwaters　have　been　constructed　off　the
east　coast　of　the　left　bank　of　the　river．　　This　shoreline　retreat　is　thought
to　have　been　caused　by　a　decrease　of　sand　supPly　from　the　river　due　to　the
construction　of　dams　and　extraction　of　sand　from　the　river．
　　　　　Shoreline　changes　on　the　Niigata　Coast　are　shown　in　Fig・　1－2－7・　There
are　two　large　rivers，　called　the　Shinano　River　and　the　Agano　River　which
meet　this　coast．　　The　retreat　of　the　shoreline　here　is　thought　to　have　been
caused　by　the　construction　of　the　New　Shinano　River　（a　drainage　cana1・　shown
in　Fig．　1－2－8）．　The　construction　of　this　canal　was　intended　to　prevent　the
Shinano　River　from　flooding　and　to　reduce　siltation　at　Niigata　Port　which
is　located　at　its　mouth．　　The　shoreline　at　this　coast　retreated　because　most
of　the　discharge　from　the　Shinano　River　now　flows　via　the　New　Shinano　River
into　the　Sea　of　Japan　and　the　sand　supPly　from　the　Shinano　River　is　thus
decreased．　　Severe　beach　erosion　has　occurred　along　the　coast　south－west
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of　the　mouth　of　the　Shinano　River　and　the　average　value　of　the　retreat　of
the　shorel　ine，　extending　over　13　km，　is　apProximately　80　m　during　18　years・
The　maximum　shoreline　retreat　is　apProximately　130　m・　　It　has　also　been
noticed　that　the　rate　of　beach　erosion　has　decreased　along　the　coast　south－
west　of　Niigata　Port，　because　many　offshore　breakwaters・　groynes・　and　seawalls
were　constructed　and　dredged　sand　was　supPl　ied　to　the　coast・　　Beach　erosion
at　the　mouth　of　the　Agano　River　has　previously　been　thought　not　to　be　severe・
because　the　amount　of　discharged　sand　was　thought　always　to　be　small　and　so
the　effect　of　building　dams　was　supPosedly　unimportant・　However’　it　has
become　clear　that　severe　beach　erosion　has　occurred　at　the　mouth　of　the
Agan・River（Ph・t・1－2－1）．　Sh・reline　changes　at　the　c・ast　ar・und　th・m・・th
of　the　New　Shinano　River　are　shown　on　Fig．　1－2－8　and　Photo　I－2－2・　The
。PP・・it・phen・men・n　t・th…eat　th・m・uth・f　th・Shinan・River（・h・w・i・
Fig．1－2－7）h…ccur・ed　here．　Th・maxi・・m　va1・e・f・h・reline　advance　is
apProximately　290　m　during　18　years・　Teradomari　Port　located　on　the　coast
south　of　the　river　has　suffered　from　siltation　due　to　this　accretion・
　　　　　Retreat　of　the　cliffs　on　the　Fukushima　Coast　is　shown　in　Fig・　1－2－9・
The　railway　along　this　coast　is　threatened　by　this　erosion・　Beaches　in
　front　of　the　cliffs　retreated　by　apProximately　30　m　（average　value）　and　by
　90　m　（maximum　value）　during　13　years．
　2＿4　　Some　considerations　about　beach　changes　in　Japan
　2＿4＿1　　Predominant　directions　of　l　ittoral　drift
　　　　　　It　is　hardly　necessary　to　say　that　l　ittoral　drift　does　not　always　move
　in　one　constant　direction．　　If　l　ittoral　drift　always　moved　in　one　direction・
　a　wide　shallow　sand　bank　would　be　formed　on　the　downdrift　side・・　Howeveγ㌧
　theγ・e　are　some　areas　where　accretion　always　occurs　at　the　updrift　side　of
’、。ast、1、t，ucture、　and，．。9i。n　a1．、y、・ccurs　at　th・d・w・d・ift・id・．　Thi・
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predominant　transport　direction　i　s　called　the　”predominant　direction　of
littoral　drift”．　For　example，　the　Tokushima　Coast　shown　in　Fig．　1－2－5　is
an　example　of　coasts　where　the　predominant　direction　of　l　ittoral　drift　is
very　clear．
　　　　　The　author　has　determined　the　predominant　directions　of　l　ittoral　drift
on　mOst　coasts　in　Japan　by　using　data　about　shoreline　changes　according　to
the　above　principles　（Fig．　1－2－10）．　These　coastal　areas　where　predominant
directions　are　clear　are　classified　into　the　fol　lowing　four　categories：
（1）
（2）
（3）
Sandy　beaches　which　are　located　at　the　sides　of　bays　and　straits．
Waves　and　swell　which　advance　from　the　mouths　of　bays　and　straits　to
　the　interior　attack　the　beaches　from　Oblique　directions．　Therefore，
the　predominant　direction　of　l　ittoral　drift　at　these　beaches　is　from
the　mouth　into　the　interior．　The　following　sandy　beaches　（indicated
by　numbers　shown　in　Fig．　1－2－10）　belong　to　this　category：一
・②，③，⑤，⑥，⑦，⑩，⑮，⑯，⑰，＠，・⑲，⑪，
⑭，⑮，⑳．
Waves　and　swell　caused　by　typhoons　and　l　ow　atmospheric　pressures
attack　sandy　beaches　facing　the　Pacific　Ocean　from　the　south．　　If　there
are　fairly　large　angles　between　perpendiculars　to　the　shore　and　the
　south，　waves　and　swell　attack　the　beaches　obl　iquely．　Therefore，　the
　predominant　direction　of　l　ittoral　drift　is　obvious，　see　for　example
　locations：　一
④，⑪，⑳・
　At　sandy　beaches　facing　rectangular　inland　seas，　the　directions　of
　long　fetch　are　usually　determined　by　the　surrounding　topography．
Most　of　large　waves　attack　the　beaches　from　the　long・－axis　directions
　and　the　predominant　directions　of　l　ittorial　drift　is　obvious，　see　for
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－18一
　　　　example　locations：　一
　　　　①，⑩，⑳，⑫，⑳，＠．
（4）　At　long　concave　sandy　beaches，　1　ittoral　drift　transports　sand　from
　　　　both　sides　to　the　central　position，　see　for　example　locations：　一
　　　　⑧，⑨，◎⑭．
　　　　0・1yt…m・11　beach・・，th・ti・⑫，⑳・・en・tj・dg・dt・b・1・ngt・
　　　　　the　above　four　categories．
2－4－2　　Beach　changes　around　river　mouths
　　　　　Rivers　are，　うn　genera1，the　principal　sources　of　sand　supPly　to　coasts・
Therefore　beach　changes　frequently　occur　at　coasts　around　river　mouths　after
construction　of　dams，　river　conservation　works，　or　removal　of　sand　from　the
river　bed　for　construction　materia1．
　　　　The　Japanese　Islands　are　divided　into　several　zones　by　geological　structure・
Major　tectonic　l　ines　are　the　Median　Tectonic　Line　and　the　Itoigawa－Shizuoka
Tect。，i、　Line（Fig．・．2，11）4）．　Th，1・1ands　a・e　di・id・d　i・t・Inne・Z・ne　and
Outer　Zone　by　the　Median　Tectonic　Line．　They　are　also　divided　into　Southwest
Japan　and　Northeast　Japan　by　the　Itoigawa－Shizuoka　Tectonic　Line・　　Hokkaido
Island　is　divided　into　Central　Zone　and　Peninsular　Zone．　Generally　a　river‘s
characteristics　depend　upon　those　of　the　tectonic　zone　through　which　it
passe、4）、　in　si耐ar　fashi・・the　c・a・tline，・・peci・11y・t・rver　m・・th・，
will　also　depend　upon　the　characteristics　of　the　tectonic　zone・
　　　　The　characteristics　of　coasts　are　also　supPosed　to　be　affected　by　the
properties　of　the　sea　into　which　the　rivers　flow・　The　major　seas　around
Japan　are　the　Pacific　Ocean，　the　Sea　of　Japan，　and　the　Sea　of　Okhotsk．　　On
beaches　facing　the　Pacific　Ocean，　waves　and　swell　caused　by　typhoons　are
predominant，　while　waves　caused　by　low　atmospheric　pressures　in　winter　are
predominant　on　beaches　facing　the　Sea　of　Japan・
　　　　　Beaches　around　mouths　of　91　principal　rivers　were　selected　and　coast
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